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©  Light-transmitting  fiber. 
(57)  A  plastic  light-transmitting  fiber  having  a  core-sheath 
structure.  A  polymer  having  methacrylimide  or  N-substituted 
methacrylimide  units  is  used  for  the  core  component.  A 
polymer  having  a  refractive  index  smaller  by  at  least  1%than 
that  of  the  polymer  of  the  core  component  is  used  for  the 
sheath  component.  The  heat  resistance  of  the  light- 
transmitting  fiber  is  highly  improved. 
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57  A  plastic  light-transmitting  fiber  having  a  core-sheath 
structure.  A  polymer  having  methacrylimide  or  N-substituted 
methacrylimide  units  is  used  for  the  core  component.  A 
polymer  having  a  refractive  index  smaller  by  at  least  1%  than 
that  of  the  polymer  of  the  core  component  is  used  for  the 
sheath  component.  The  heat  resistance  of  the  light- 
transmitting  fiber  is  highly  improved. 



BACKGROUND  OF  THE  INVENTION 

(1)  F i e l d   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  l i g h t -  

t r a n s m i t t i n g   f i b e r .   More  s p e c i f i c a l l y ,   t h e   p r e s e n t  
i n v e n t i o n   r e l a t e s   to  a  s t e p - i n d e x   t y p e   p l a s t i c  

l i g h t - t r a n s m i t t i n g   f i b e r   e x c e l l e n t   in  h e a t   r e s i s t a n c e .  

(2)  D e s c r i p t i o n   of  t h e   R e l a t e d   A r t  

I n o r g a n i c - g l a s s - t y p e   o p t i c a l   f i b e r s   h a v i n g  

an  e x c e l l e n t   l i g h t - t r a n s m i t t i n g   p r o p e r t y   o v e r   a  b r o a d  

w a v e l e n g t h   r a n g e   a re   known.   H o w e v e r ,   g l a s s - t y p e   f i b e r s  

a r e   p o o r   in  t h e   p r o c e s s a b i l i t y   and  t h e   r e s i s t a n c e  

to   f l e x u r a l   s t r e s s   and  a r e   e x p e n s i v e .   A c c o r d i n g l y ,  

l i g h t - t r a n s m i t t i n g   f i b e r s   c o m p o s e d   m a i n l y   of  s y n t h e t i c  

r e s i n s   h a v e   b e e n   p r o p o s e d   and  d e v e l o p e d .   S y n t h e t i c  

r e s i n   l i g h t - t r a n s m i t t i n g   f i b e r s   a r e   o r d i n a r i l y   o b t a i n e d  

by  p r e p a r i n g   a  f i b e r   h a v i n g   a  c o r e - s h e a t h   s t r u c t u r e  

i n c l u d i n g   a  c o r e   c o m p o s e d   of   a  p o l y m e r   w h i c h   has   a  l a r g e  

r e f r a c t i v e   i n d e x   and  a  g o o d   l i g h t - t r a n s m i t t i n g   p r o p e r t y  
and  a  s h e a t h   c o m p o s e d   of  a  t r a n s p a r e n t   p o l y m e r   h a v i n g   a  

s m a l l e r   r e f r a c t i v e   i n d e x   t h a n   t h a t   of  t he   p o l y m e r   of  t h e  

c o r e .   An  a m o r p h o u s   p o l y m e r   i s   v a l u a b l e   as  t he   c o r e  

p o l y m e r   h a v i n g   a  h i g h   l i g h t - t r a n s m i t t i n g   p r o p e r t y .  

P o l y ( m e t h y l   m e t h a c r y l a t e )   or   p o l y s t y r e n e   i s   o r d i n a r i l y  

u s e d .  

P o l y ( m e t h y l   m e t h a c r y l a t e )   i s   e x c e l l e n t   in  n o t  

o n l y   t r a n s p a r e n c y   b u t   a l s o   m e c h a n i c a l   p r o p e r t i e s   a n d  

w e a t h e r a b i l i t y .   T h i s   p o l y m e r   i s   p r o d u c e d   on  an  i n d u s -  

t r i a l   s c a l e   as  a  c o r e   m a t e r i a l   of  a  h i g h - p e r f o r m a n c e  

p l a s t i c   o p t i c a l   f i b e r   and  i s   b e i n g   u s e d   in  t he   f i e l d s  

of  s h o r t - d i s t a n c e   o p t i c a l   c o m m u n i c a t i o n s   and  o p t i c a l  

s e n s o r s .   H o w e v e r ,   t h e   h e a t   d i s t o r t i o n   t e m p e r a t u r e   o f  

p o l y ( m e t h y l   m e t h a c r y l a t e )   i s   a b o u t   100°C ,   and  t h e   h e a t  

r e s i s t a n c e   i s   no t   s u f f i c i e n t .   T h e r e f o r e ,   t he   a p p l i c a t i o n s  

of  t h i s   p o l y m e r   a r e   l i m i t e d   in   some  f i e l d s .   A c c o r d i n g l y ,  

i t   i s   e a g e r l y   d e s i r e d   to   i m p r o v e   t h e   h e a t  r e s i s t a n c e .  



The  f o l l o w i n g   m e t h o d s   a r e   known  f o r   i m p r o v i n g  

t h e   h e a t   r e s i s t a n c e   in  m e t h a c r y l i c   r e s i n s .  

(1)  C o p o l y m e r i z a t i o n   of  m e t h y l   m e t h a c r y l a t e  

w i t h   a - m e t h y l s t y r e n e .  

(2)  D i s s o l u t i o n   of   p o l y - a - m e t h y l s t y r e n e   i n  

m o n o m e r i c   m e t h y l   m e t h a c r y l a t e   and  t h e n   p o l y m e r i z a t i o n  

of  m e t h y l   m e t h a c r y l a t e   ( s e e   J a p a n e s e   E x a m i n e d   P a t e n t  

P u b l i c a t i o n   (Kokoku)   No.  4 3 - 1 6 1 6   and  No.  4 9 - 8 7 1 8 ) .  

(3)  C o p o l y m e r i z a t i o n   of  m e t h y l   m e t h a c r y l a t e  

w i t h   ! ; - a l l y l m a l e i c   a c i d   a m i d e   ( s e e   J a p a n e s e   E x a m i n e d  

P a t e n t   P u b l i c a t i o n   (Kokoku)   No.  4 3 - 9 7 5 3 ) .  

(4)  C o p c l y m e r i z a t i o n   of  m e t h y l   m e t h a c r y l a t e  

w i t h   c - m e t h y l s t y r e n e   and  m a l e i m i d e .  

(5)  P o l y m e r i z a t i o n   of  m e t h y l   m e t h a c r y l a t e   i n  

t h e   p r e s e n c e   of  a  c r o s s l i n k e d   p o l y m e r   f o r m e d   by  u s i n g   a  

p o l y f u n c t i o n a l   monomer   ( s e e   J a p a n e s e   U n e x a m i n e d   P a t e n t  

P u b l i c a t i o n   ( K o k a i )   No.  4 8 - 9 5 4 9 0   and  No.  4 8 - 9 5 4 9 1 ) .  

T h e s e   m e t h o d s   e n a b l e   i m p r o v e d   h e a t   r e s i s t a n c e  

in  t h e   o b t a i n e d   p o l y m e r s ,   h o w e v e r ,   a r e   s t i l l   i n s u f f i c i e n t  

on  s e v e r a l   p o i n t s .   For   e x a m p l e ,   t h e   p o l y m e r i z a t i o n  

s p e e d   and  p r o d u c t i v i t y   a r e   e x t r e m e l y   low  and  so  t h e  

p r a c t i c a l   u t i l i t y   is   p o o r .   M o r e o v e r ,   t h e   o b t a i n e d  

p o l y m e r s   a r e   p o o r   in  m e c h a n i c a l   p r o p e r t i e s   or   o p t i c a l  

p r o p e r t i e s ,   s u f f e r   f rom  c o n s p i c u o u s   d i s c o l o r a t i o n   a t   t h e  

m o l d i n g   s t e p ,   or  s u f f e r   f r o m   low  m o l d a b i l i t y .   T h e r e f o r e ,  

t h e s e   m e t h o d s   a r e   n o t   u s e d   much  a t   a l l   in  p r a c t i c e .  

SUMMARY  OF  THE  INVENTION 

I t   i s   t h e r e f o r e   a  p r i m a r y   o b j e c t   of  t h e   p r e s e n t  
i n v e n t i o n   to   p r o v i d e   a  l i g h t - t r a n s m i t t i n g   f i b e r   h a v i n g  

an  e x c e l l e n t   l i g h t - t r a n s m i t t i n g   p r o p e r t y ,   w h i c h   i n c l u d e s  

a  c o r e   c o m p o n e n t   p o l y m e r   e x c e l l e n t   n o t   o n l y   in   o p t i c a l  

p r o p e r t i e s ,   m e c h a n i c a l   p r o p e r t i e s ,   w e a t h e r a b i l i t y ,   a n d  

m o l d a b i l i t y   b u t   a l s o   in   h e a t   r e s i s t a n c e   and  p r o d u c t i v i t y  

and  c o m p a r a b l e   to   p o l y m e t h a c r y l i c   a c i d   e s t e r   r e s i n s   i n  

t h e s e   p r o p e r t i e s   and  a  s h e a t h   c o m p o n e n t   p o l y m e r   h a v i n g  

e x c e l l e n t   h e a t   r e s i s t a n c e   and  t r a n s p a r e n c y .  

We  made  r e s e a r c h   w i t h   a  v i e w   to  a t t a i n i n g   the   a b o v e  



o b j e c t .   As  a  r e s u l t ,   we  f o u n d   t h a t   a  p o l y m e r   c o n t a i n i n g  

r i n g   s t r u c t u r a l   u n i t s   c o m p o s e d   of  m e t h a c r y l i m i d e   o r  

N - s u b s t i t u t e d   m e t h a c r y l i m i d e   has   such   e x c e l l e n t   h e a t  

r e s i s t a n c e ,   m o l d a b i l i t y ,   l i g h t - t r a n s m i t t i n g   p r o p e r t i e s ,  

and  m e c h a n i c a l   p r o p e r t i e s   and  a l s o   good  p r o d u c t i v i t y .  

When  t h i s   p o l y m e r   is   u s e d   as  a  c o r e   c o m p o n e n t   p o l y m e r ,   a  

l i g h t - t r a n s m i t t i n g   f i b e r   w i t h   w e l l - b a l a n c e d   c h a r a c t e r -  

i s t i c s   can   be  o b t a i n e d .   We  c o m p l e t e d   t h e   p r e s e n t  
i n v e n t i o n   b a s e d   on  t h i s   f i n d i n g .  

More  s p e c i f i c a l l y ,   in   a c c o r d a n c e   w i t h   t he   p r e s e n t  

i n v e n t i o n ,   t h e r e   is   p r o v i d e d   a  l i g h t - t r a n s m i t t i n g   f i b e r  

i n c l u d i n g   a  c o r e   c o m p o n e n t   and  a  s h e a t h   c o m p o n e n t  

c o v e r i n g   t he   c o r e   c o m p o n e n t ,   t h e   c o r e   c o m p o n e n t  

c o n s i s t i n g   e s s e n t i a l l y   o f   a  p o l y m e r   i n c l u d i n g   2%  t o  

100%  by  w e i g h t   of  r i n g   s t r u c t u r e   u n i t s   r e p r e s e n t e d   b y  

t h e   f o l l o w i n g   g e n e r a l   f o r m u l a   ( I ) :  

w h e r e i n   R  s t a n d s   f o r   a  h y d r o g e n   a tom  or  a n  

a l i p h a t i c ,   a l i c y c l i c ,   or  a r o m a t i c   h y d r o c a r b o n  

g r o u p   h a v i n g   1  to   20  c a r b o n   a t o m s ,  

and  0%  to   98%  by  w e i g h t   of   monomer   u n i t s   c o m p o s e d   m a i n l y  

of  m e t h y l   m e t h a c r y l a t e ,   and   t h e   s h e a t h   c o m p o n e n t   b e i n g  

c o m p o s e d   of  a  p o l y m e r   h a v i n g   a  r e f r a c t i v e   i n d e x   s m a l l e r  

by  a t   l e a s t   1%  t h a n   t h a t   of   t h e   p o l y m e r   of  t h e   c o r e  

c o m p o n e n t .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

F i g u r e   1  is  a  d i a g r a m   i l l u s t r a t i n g   an  a p p a r a t u s  

u s e d   f o r   m e a s u r i n g   l i g h t   t r a n s m i s s i o n   l o s s   in  t h e  

e x a m p l e s   of  t h e   p r e s e n t   i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

In  t h e   l i g h t - t r a n s m i t t i n g   f i b e r   of  t h e   p r e s e n t  

i n v e n t i o n ,   t he   c o r e   c o m p o n e n t   p o l y m e r   i s   a  p o l y m e r  



i n c l u d i n g   2%  to   100%  by  w e i g h t   of   r i n g   s t r u c t u r e   u n i t s  

r e p r e s e n t e d   by  t h e   g e n e r a l   f o r m u l a   (I)  and  0%  to  98% 

by  w e i g h t   of  m o n o m e r   u n i t s   c o m p o s e d   m a i n l y   of  m e t h y l  

m e t h a c r y l a t e .   The  r i n g   s t r u c t u r e   u n i t s   r e p r e s e n t e d   b y  

t h e   g e n e r a l   f o r m u l a   (I)  a r e   n e c e s s a r y   f o r   m a i n t a i n i n g  

h i g h   h e a t   r e s i s t a n c e   and  o p t i c a l   c h a r a c t e r i s t i c s   in  t h e  

l i g h t - t r a n s m i t t i n g   f i b e r .   The  c o n t e n t   of  t he   u n i t s  

s h o u l d   be  a t   l e a s t   2%  by  w e i g h t .   In  o r d e r   to  o b t a i n  

e s p e c i a l l y   e x c e l l e n t   h e a t   r e s i s t a n c e ,   i t   i s   p r e f e r r e d  

t h a t   t h e   c o n t e n t   of  t h e   u n i t s   r e p r e s e n t e d   by  t h e   g e n e r a l  

f o r m u l a   (I)  be  a t   l e a s t   10%  by  w e i g h t .  

I f   t h e   c o n t e n t   of  t h e   m e t h a c r y l i m i d e   or  N - s u b s t i -  

t u t e d   m e t h a c r y l i m i d e   r i n g   s t r u c t u r e   u n i t s   is   l o w e r   t h a n  

2%  by  w e i g h t ,   t h e   h e a t   r e s i s t a n c e   in  t he   o b t a i n e d  

p o l y m e r   i s   i n s u f f i c i e n t l y   i m p r o v e d .  

The  monomer   u n i t s   c o m p o s e d   m a i n l y   of  m e t h y l  

m e t h a c r y l a t e   a r e   n e c e s s a r y   f o r   m a i n t a i n i n g   t h e   b a s i c  

p r o p e r t i e s   of  t h e   l i g h t - t r a n s m i t t i n g   f i b e r ,   such   a s  

o p t i c a l   p r o p e r t i e s ,   w e a t h e r a b i l i t y ,   a n d  m e c h a n i c a l  

p r o p e r t i e s ,   a t   s u f f i c i e n t   l e v e l s .  

In  t h e   m e t h a c r y l i m i d e   c o m p o n e n t   r e p r e s e n t e d   by  t h e  

s t r u c t u r a l   f o r m u l a   ( I ) ,   t h e   N - s u b s t i t u e n t   R  s h o u l d   be  a  

h y d r o g e n   a tom  or   a  s a t u r a t e d   or  u n s a t u r a t e d   a l i p h a t i c ,  

a l i c y c l i c ,   or  a r o m a t i c   h y d r o c a r b o n   g r o u p   h a v i n g   1  to   20 

c a r b o n   a t o m s .  

From  t h e   v i e w p o i n t   of   t h e   i m p r o v e m e n t   of  t h e   h e a t  

r e s i s t a n c e ,   i t   i s   p r e f e r r e d   t h a t   R  in  t he   g e n e r a l  

f o r m u l a   (I)  be  a  h y d r o g e n   a tom  or   h y d r o c a r b o n   g r o u p  
h a v i n g   a  s m a l l   n u m b e r   of  c a r b o n   a t o m s ,   e . g . ,   an  a l i p h a t i c  

h y d r o c a r b o n   g r o u p   of   1  to   4  c a r b o n   a toms   or  an  a r o m a t i c  

h y d r o c a r b o n   g r o u p   of  6  to   10  c a r b o n   a t o m s .  

As  s p e c i f i c   e x a m p l e s   of  t h e   N - s u b s t i t u e n t   R,  t h e r e  

can  be  m e n t i o n e d   m e t h y l ,   e t h y l ,   p r o p y l ,   i s o p r o p y l ,   b u t y l  

i s o b u t y l ,   t e r t - b u t y l ,   p h e n y l ,   and  s u b s t i t u t e d   p h e n y l  

g r o u p s .   A  m e t h y l   g r o u p   i s   m o s t   p r e f e r r e d .  

The  m o n o m e r   c o m p o n e n t   c o m p o s e d   m a i n l y   of  m e t h y l  

m e t h a c r y l a t e   may  i n c l u d e ,   in  a d d i t i o n   to  m e t h y l  



m e t h a c r y l a t e ,   a  s m a l l   a m o u n t ,   p r e f e r a b l y   up  to  20%  b y  

w e i g h t ,   of  a t   l e a s t   one  o t h e r   monomer   s e l e c t e d   f r o m  

m e t h y l   a c r y l a t e ,   e t h y l   m e t h a c r y l a t e ,   b u t y l   m e t h a c r y l a t e ,  

c y c l o h e x y l   m e t h a c r y l a t e ,   b e n z y l   m e t h a c r y l a t e ,   m e t h a c r y l i c  

a c i d ,   a c r y l i c   a c i d ,   s t y r e n e ,   and  a - m e t h y l s t y r e n e ,  

The  monomer   c o m p o n e n t   c o m p o s e d   m a i n l y   of  m e t h y l  

m e t h a c r y l a t e   may  f u r t h e r   i n c l u d e ,   in  a d d i t i o n   to   t h e  

a b o v e - m e n t i o n e d   c o m o n o m e r ,   a t   l e a s t   one  p o l y f u n c t i o n a l  

r e a c t i v e   monomer   s e l e c t e d   f rom  d i v i n y l b e n z e n e ,   t r i a l l y l  

c y a n u r a t e ,   t r i a l l y l   i s o c y a n u r a t e ,   e t h y l e n e   g l y c o l  

d i m e t h a c r y l a t e ,   t r i e t h y l e n e   g l y c o l   d i m e t h a c r y l a t e ,   a n d  

t r i m e t h y l o l p r o p a n e   t r i m e t h a c r y l a t e .  

The  c o r e   c o m p o n e n t   p o l y m e r   of  the   l i g h t - t r a n s m i t t i n g  

f i b e r   of  t he   p r e s e n t   i n v e n t i o n   may  be  p r e p a r e d   b y  

h e a t i n g   and  c o n d e n s i n g   p o l y ( m e t h y l   m e t h a c r y l a t e )   or   t h e  

a b o v e - m e n t i o n e d   c o p o l y m e r   c o m p o s e d   m a i n l y   of  a  m e t h y l  

m e t h a c r y l a t e   m o n o m e r   w i t h   an  i m i d i z i n g   a g e n t   s u c h   a s  

a m m o n i a ,   a  p r i m a r y   a l i p h a t i c   a m i n e   or  a  p r i m a r y   a r o m a t i c  

a m i n e ,   and  a  c o m p o u n d   c a p a b l e   of  g e n e r a t i n g   a  p r i m a r y  

amine   u n d e r   h e a t i n g ,   s u c h   as  u r e a   or  a  1 , 3 - d i s u b s t i t u t e d  

u r e a ,   to  fo rm  an  i n t e n d e d   N - s u b s t i t u t e d   m e t h a c r y l i m i d e  

p o l y m e r .  

The  h e a t - t r e a t m e n t   t e m p e r a t u r e   a d o p t e d   f o r   f o r m a t i o n  

of  t h e   m e t h a c r y l i m i d e   or   N - s u b s t i t u t e d   m e t h a c r y l i m i d e  

c o m p o n e n t   is   a t   l e a s t   1 0 0 ° C ,   p r e f e r a b l y   130°C  to  4 5 0 ° C ,  

e s p e c i a l l y   p r e f e r a b l y   150°C  to  3 0 0 ° C .   In  o r d e r   t o  

p r e v e n t   an  a b n o r m a l   r e a c t i o n ,   i t   i s   p r e f e r r e d   t h a t   t h e  

h e a t   t r e a t m e n t   be  c a r r i e d   ou t   in  an  a u t o c l a v e   in  a n  

a t m o s p h e r e   of  an  i n e r t   gas   such   as  n i t r o g e n   or  a r g o n .  
In  o r d e r   to   i n h i b i t   t h e r m a l   d e t e r i o r a t i o n   of  t h e  

p o l y m e r   a t   t h i s   h e a t i n g   r e a c t i o n ,   a  h e a t - d e t e r i o r a t i o n  

p r e v e n t i n g   a g e n t   s u c h   as  an  a n t i o x i d a n t   may  be  a d d e d .  

As  t h e   a n t i o x i d a n t ,   t h e r e   can   be  m e n t i o n e d   a  

p h o s p h i t e   t y p e   a n t i o x i d a n t ,   a  h i n d e r e d   p h e n o l   t y p e  
a n t i o x i d a n t ,   a  s u l f u r   t y p e   a n t i o x i d a n t ,   and  an  a m i n e  

t y p e   a n t i o x i d a n t .  

As  t he   p h o s p h i t e   t y p e   a n t i o x i d a n t ,   t h e r e   can  b e  



m e n t i o n e d   p h o s p h o r o u s   a c i d   e s t e r s   such   as  t r i c r e s y l  

p h o s p h i t e ,   c r e s y l p h e n y l   p h o s p h i t e ,   t r i o c t y l   p h o s p h i t e ,  

and  t r i b u t o x y e t h y l   p h o s p h i t e .  

As  t h e   h i n d e r e d   p h e n o l   t y p e   a n t i o x i d a n t ,   t h e r e  

can   be  m e n t i o n e d   h y d r o q u i n o n e ,   c r e s o l ,   and  p h e n o l  

d e r i v a t i v e s .  

As  t h e   s u l f u r   t y p e   a n t i o x i d a n t ,   t h e r e   can  b e  

m e n t i o n e d   a l k y l m e r c a p t a n s   and  d i a l k y l d i s u l f i d e  

d e r i v a t i v e s .  

As  t h e   a m i n e   t y p e   a n t i o x i d a n t ,   t h e r e   can  b e  

m e n t i o n e d   n a p h t h y l a m i n e ,   p h e n y l e n e - d i a m i n e ,   a n d  

h y d r o q u i n o l i n e   d e r i v a t i v e s .  

P o l y ( m e t h y l   m e t h a c r y l a t e )   or   t h e   p o l y m e r   c o m p o s e d  

m a i n l y   of   m e t h y l   m e t h a c r y l a t e ,   w h i c h   i s   u s e d   as  t h e  

s t a r t i n g   m a t e r i a l   f o r   o b t a i n i n g   t h e   a b o v e - m e n t i o n e d  

m e t h a c r y l i m i d e   or   N - s u b s t i t u t e d   m e t h a c r y l i m i d e   c o m p o n e n t ,  

may  be  p r e p a r e d   a c c o r d i n g   to   t h e   c u s t o m a r y   r a d i c a l  

p o l y m e r i z a t i o n   or   i on   p o l y m e r i z a t i o n .   From  t h e   v i e w p o i n t  

of   p r o d u c t i v i t y ,   r a d i c a l   p o l y m e r i z a t i o n   i s   p r e f e r r e d .  

The  p o l y m e r i z a t i o n   c a t a l y s t   u s e d   f o r   o b t a i n i n g   t h e  

a b o v e - m e n t i o n e d   p o l y m e r   i s   s e l e c t e d   f rom  a z o b i s   t y p e  

c a t a l y s t s   s u c h   as  a z o b i s i s o b u t y r o n i t r i l e   and  2 , 2 ' -  

a z o b i s - ( 2 , 4 - d i m e t h y l v a l e r o n i t r i l e ) ,   d i a c y l   p e r o x i d e  

t y p e   c a t a l y s t s   s u c h   as  l a u r o y l   p e r o x i d e ,   b e n z o y l  

p e r o x i d e ,   and  b i s ( 3 , 5 , 5 - t r i m e t h y l h e x a n o y l )   p e r o x i d e ,  

and  p e r c a r b o n a t e   c a t a l y s t s .  

The  a b o v e - m e n t i o n e d   p o l y m e r   may  be  o b t a i n e d  

a c c o r d i n g   t o   e m u l s i o n   p o l y m e r i z a t i o n ,   s u s p e n s i o n  

p o l y m e r i z a t i o n ,   b u l k   p o l y m e r i z a t i o n ,   or  s o l u t i o n  

p o l y m e r i z a t i o n   u s i n g   a  c a t a l y s t   as  d e s c r i b e d   a b o v e .  

In  o r d e r   t o - o b t a i n   a  p o l y m e r   h a v i n g   a  h i g h   p u r i t y ,   i t   i s  

p r e f e r a b l e   to   a d o p t   t h e   b u l k   p o l y m e r i z a t i o n   p r o c e s s .   I n  

o r d e r   to   r e d u c e   t h e   l i g h t   t r a n s m i s s i o n   l o s s   in  t h e   f i n a l  

p r o d u c t ,   i t   i s   e s p e c i a l l y   p r e f e r r e d   t h a t   t h e   p o l y m e r   b e  

p r e p a r e d   a c c o r d i n g   to   t h e   c o n t i n u o u s   b u l k   p o l y m e r i z a t i o n  

p r o c e s s .  
In  t h e   l i g h t - t r a n s m i t t i n g   f i b e r   of  t h e   p r e s e n t  



i n v e n t i o n ,   t h e   c o r e   c o m p o n e n t   i s   c o v e r e d   w i t h   t h e   s h e a t h  

c o m p o n e n t .   T h i s   s h e a t h   c o m p o n e n t   i s   f o r m e d   of  a  p o l y m e r  

h a v i n g   a  r e f r a c t i v e   i n d e x   s m a l l e r   by  a t   l e a s t   1%  t h a n  

t h e   r e f r a c t i v e   i n d e x   of  t he   c o r e   c o m p o n e n t   c o p o l y m e r .  

I t   i s   p r e f e r r e d   t h a t   t h i s   p o l y m e r   h a v e   a  g l a s s   t r a n s i t i o n  

p o i n t   h i g h e r   t h a n   80°C  and  be  s u b s t a n t i a l l y   t r a n s p a r e n t .  

The  s h e a t h   c o m p o n e n t   p o l y m e r   may  be  s e l e c t e d ,   f o r  

e x a m p l e ,   f r om  p o l y m e r s   of  f l u o r i n a t e d   a l c o h o l   e s t e r s   o f  

m e t h a c r y l i c   a c i d ,   such   as  d i s c l o s e d   in  J a p a n e s e   E x a m i n e d  

P a t e n t   P u b l i c a t i o n   (Kokoku)  No.  4 3 - 8 9 7 8 ,   No.  5 6 - 8 3 2 1 ,  

No.  5 6 - 8 3 2 2 ,   and  No.  5 6 - 8 3 2 3   and   J a p a n e s e   U n e x a m i n e d  

P a t e n t   P u b l i c a t i o n   (Koka i )   No.  5 3 - 6 0 2 4 3 ,   a  v i n y l i d e n e  

f l u o r i d e / t e t r a f l u o r o e t h y l e n e   c o p o l y m e r   s u c h   as  d i s c l o s e d  

in  J a p a n e s e   E x a m i n e d   P a t e n t   P u b l i c a t i o n   ( K o k o k u )  

No.  5 3 - 4 2 2 6 0 ,   p o l y ( m e t h y l   m e t h a c r y l a t e ) ,   p o l y ( v i n y l i d e n e  

f l u o r i d e ) ,   p o l y ( v i n y l   f l u o r i d e ) ,   a  t e t r a f l u o r o e t h y l e n e /  

h e x a f l u o r o e t h y l e n e   c o p o l y m e r ,   a  p o l y s i l o x a n e ,   p o l y ( 4 -  

m e t h y l p e n t e n e - 1 ) ,   and  an  e t h y l e n e / v i n y l   a c e t a t e   c o p o l y m e r .  

As  t h e   f l u o r i n a t e d   a l c o h o l   e s t e r   of  m e t h a c r y l i c   a c i d ,  

t h e r e   can  be  m e n t i o n e d   c o m p o u n d s   r e p r e s e n t e d   by  t h e  

f o l l o w i n g   g e n e r a l   f o r m u l a e :  

a n d  

w h e r e i n   X  s t a n d s   f o r   H,  F  or  C&,  n  i s   a n  

i n t e g e r   of  f rom  1  to   6,  m  i s   an  i n t e g e r   o f  

f rom  1  to  10,  i s   an  i n t e g e r   of  f rom  1  to   1 0 ,  

and  R1  and  R2  e a c h   s t a n d   f o r   H  or   CH3 ,   C 2 H 5  ,  
or  C F 3 .  

The  a b o v e - m e n t i o n e d   f l u o r o a l k y l   e s t e r   of  m e t h a c r y l i c  



a c i d   may  be  h o m o p o l y m e r i z e d   or  c o p o l y m e r i z e d   w i t h   o t h e r  

p o l y m e r i z a b l e   v i n y l   m o n o m e r .   As  t h e   v i n y l   monomer ,   t h e r e  

can   be  m e n t i o n e d   m e t h y l   m e t h a c r y l a t e ,   e t h y l   m e t h a c r y l a t e ,  

p r o p y l   m e t h a c r y l a t e ,   b u t y l   m e t h a c r y l a t e ,   c y c l o h e x y l  

m e t h a c r y l a t e ,   g l y c i d y l   m e t h a c r y l a t e ,   m e t h a c r y l i c . a c i d ,  

a c r y l i c   a c i d ,   m a l e i c   a n h y d r i d e ,   m e t h y l   a c r y l a t e ,   e t h y l  

a c r y l a t e ,   p r o p y l   a c r y l a t e ,   b u t y l   a c r y l a t e ,   2 - e t h y l h e x y l  

a c r y l a t e ,   b e n z y l   a c r y l a t e ,   g l y c i d y l   a c r y l a t e ,   s t y r e n e ,  

a - m e t h y l s t y r e n e ,   v i n y l t o l u e n e ,   2 , 4 - d i m e t h y l s t y r e n e ,  

p - c h l o r o s t y r e n e ,   2 , 4 - d i c h l o r o s t y r e n e ,   p - m e t h o x y s t y r e n e ,  

a c r y l o n i t r i l e ,   m e t h a c r y l o n i t r i l e ,   v i n y l   a c e t a t e ,   m e t h y l -  

v i n y l k e t o n e ,   h y d r o x y p r o p y l   a c r y l a t e ,   and  h y d r o x y e t h y l  

a c r y l a t e .   Two  or   more   of   t h e s e   m o n o m e r s   may  be  c o p o l y -  

m e r i z e d .   Among  t h e s e   m o n o m e r s ,   m e t h y l   m e t h a c r y l a t e   i s  

e s p e c i a l l y   p r e f e r r e d   b e c a u s e   m e t h y l   m e t h a c r y l a t e   g i v e s   a  

t r a n s p a r e n t   c o p o l y m e r .  

The  s h e a t h   c o m p o n e n t   p o l y m e r   may  be  p r e p a r e d  

a c c o r d i n g   to  t h e   c o n v e n t i o n a l   r a d i c a l   p o l y m e r i z a t i o n  

p r o c e s s .   O r d i n a r y   r a d i c a l   p o l y m e r i z a t i o n   i n i t i a t o r s  

can   be  u s e d   as  t h e   p o l y m e r i z a t i o n   c a t a l y s t .   F o r  

e x a m p l e ,   t h e r e   c an   be  m e n t i o n e d   o r g a n i c   p e r o x i d e s  

s u c h   as  d i - t e r t - b u t y l   p e r o x i d e ,   d i c u m y l   p e r o x i d e ,  

m e t h y l e t h y l k e t o n e   p e r o x i d e ,   t e r t - b u t y l   p e r p h t h a l a t e ,  

t e r t - b u t y l   p e r b e n z o a t e ,   m e t h y l i s o b u t y l k e t o n e   p e r o x i d e ,  

l a u r o y l   p e r o x i d e ,   c y c l o h e x a n e   p e r o x i d e ,   2 , 5 - d i m e t h y l -  

2 , 5 - d i - t e r t - b u t y l   p e r o x y h e x a n e ,   t e r t - b u t y l   p e r o c t a n o a t e ,  

t e r t - b u t y l   p e r i s o b u t y r a t e ,   and  t e r t - b u t y l p e r o x y i s o p r o p y l  

c a r b o n a t e   and  a z o   c o m p o u n d s   s u c h   as  m e t h y l   2 , 2 ' - a z o b i s -  

i s o b u t y r a t e ,   l , l ` - a z o b i s c y c l o h e x a n e - c a r b o n i t r i l e ,  

2 - p h e n y l - a z o - 2 , 4 - d i m e t h y l - 4 - m e t h o x y v a l e o r o n i t r i l e ,  

2 - c a r b a m o y l - a z o b i s i s o n u t y r o n i t r i l e ,   2 , 2 ' - a z o b i s - 2 , 4 -  

d i m e t h y l v a l e r o n i t r i l e ,   and  2 , 2 ' - a z o b i s i s o b u t y r o n i t r i l e .  

As  t h e   p o l y m e r i z a t i o n   p r o c e s s ,   t h e r e   can  b e  

m e n t i o n e d   e m u l s i o n   p o l y m e r i z a t i o n ,   s u s p e n s i o n   p o l y -  

m e r i z a t i o n ,   b u l k   p o l y m e r i z a t i o n ,   and  s o l u t i o n  

p o l y m e r i z a t i o n .   In  o r d e r   to   o b t a i n   a  p o l y m e r   h a v i n g  

a  h i g h   p u r i t y ,   i t   i s   p r e f e r a b l e   to   a d o p t   t h e   b u l k  



p o l y m e r i z a t i o n   p r o c e s s .  

In  t h e   l i g h t - t r a n s m i t t i n g   f i b e r   of   t h e   p r e s e n t  

i n v e n t i o n ,   i t   i s   i n d i s p e n s a b l e   t h a t   t h e   r e f r a c t i v e   i n d e x  

of  t h e   s h e a t h   c o m p o n e n t   be  s m a l l e r   by  a t   l e a s t   1%  t h a n  

t h a t   of  t h e   c o r e   c o m p o n e n t .   I f   t h e   d i f f e r e n c e   of  t h e  

r e f r a c t i v e   i n d e x   b e t w e e n   t h e   two  c o m p o n e n t s   i s   s m a l l e r  

t h a n   1%,  t h e   a p e r t u r e s   of  t h e   o b t a i n e d   l i g h t - t r a n s m i t t i n g  

f i b e r   b e c o m e   t o o   s m a l l   and  t h e   l i g h t - t r a n s m i t t i n g   f i b e r  

can  h a r d l y   be  p u t   i n t o   p r a c t i c a l   u s e .   I f   t h e   r e f r a c t i v e  

i n d e x   of  t h e   s h e a t h   c o m p o n e n t   is   l a r g e r   t h a n   t h a t   of  t h e  

c o r e   c o m p o n e n t ,   t h e   o b t a i n e d   f i b e r   c a n n o t   t r a n s m i t  

l i g h t .  

S i n c e   t he   l i g h t - t r a n s m i t t i n g   f i b e r   i s   s o m e t i m e s  

e x p o s e d   t o   a  h i g h   t e m p e r a t u r e   f o r   a  l o n g   t i m e ,   i t   i s  

p r e f e r r e d   t h a t   t h e   l i g h t - t r a n s m i t t i n g   f i b e r   h a v e   g o o d  

d u r a b i l i t y   u n d e r   t h i s   c o n d i t i o n .   For  t h i s   p u r p o s e ,   i t  

i s   p r e f e r r e d   t h a t   t h e   h e a t   d i s t o r t i o n   t e m p e r a t u r e   of  t h e  

p o l y m e r   of   t h e   s h e a t h   c o m p o n e n t   be  h i g h ,   e s p e c i a l l y  

h i g h e r   t h a n   70°C,   p a r t i c u l a r l y   e s p e c i a l l y   h i g h e r   t h a n  

90°C.   I t   a l s o   i s   p r e f e r r e d   t h a t   t h e   g l a s s   t r a n s i t i o n  

p o i n t   of  t h e   p o l y m e r   of  t he   s h e a t h   c o m p o n e n t   be  h i g h e r  

t h a n   8 0 ° C .  

The  s t e p - i n d e x   t y p e   l i g h t - t r a n s m i t t i n g   f i b e r   o f  

t h e   p r e s e n t   i n v e n t i o n   can  be  p r e p a r e d   a c c o r d i n g   to   t h e  

f o l l o w i n g   p r o c e s s e s .  
(1)  A  c o m p o s i t e   s p i n n i n g   p r o c e s s   in   w h i c h   a  c o r e  

c o m p o n e n t   c o p o l y m e r   and  a  s h e a t h   c o m p o n e n t   p o l y m e r   a r e  

e x t r u d e d   i n  t h e   fo rm  of  a  c o r e - s h e a t h   s t r u c t u r e   f rom  a  

s p e c i a l   n o z z l e .  

(2)  A  c o a t i n g   p r o c e s s   in  w h i c h   a  c o r e   c o m p o n e n t  
f i b e r   i s   f o r m e d   f rom  t h e   c o r e   c o m p o n e n t   c o p o l y m e r ,   t h e  

c o r e   c o m p o n e n t   f i b e r   i s   c o a t e d   w i t h   a  s o l u t i o n   of  t h e  

s h e a t h   c o m p o n e n t   p o l y m e r ,   and  t h e   s o l v e n t   i s   r e m o v e d  

from  t h e   c o a t i n g   l a y e r .  

For   f o r m a t i o n   of  t h e   c o r e   c o m p o n e n t ,   t h e r e   may  b e  

a d o p t e d   a  p r o c e s s   as  d i s c l o s e d   in  J a p a n e s e   E x a m i n e d  

P a t e n t   P u b l i c a t i o n   (Kokoku)   No.  4 8 - 1 3 1 3 9 1 ,   in  w h i c h   t h e  



c o r e   c o m p o n e n t   p o l y m e r   i s   c o n t i n u o u s l y   p r e p a r e d   by  b u l k  

p o l y m e r i z a t i o n   and  t h e   p o l y m e r   i s   t h e n   s p u n   to   f o r m  

a  c o r e   c o m p o n e n t   f i b e r .   T h i s   p r o c e s s   i s   e f f e c t i v e  

f o r   r e d u c i n g   t h e   l i g h t   t r a n s m i s s i o n   l o s s   of   t h e   c o r e  

c o m p o n e n t . .  

I t   is   p r e f e r r e d   t h a t   t h e   l i g h t - t r a n s m i t t i n g   f i b e r  

of   t h e   p r e s e n t   i n v e n t i o n   be  d r a w n   by  a t   l e a s t   10% 

a f t e r   s p i n n i n g .   I f   t h i s   d r a w i n g   i s   n o t   e f f e c t e d ,   t h e  

t r a n s p a r e n c y   i s   good   b u t   t h e   b e n d i n g   r e s i s t a n c e   i s   p o o r ,  
a n d   t h e   c o r e   c o m p o n e n t   f i b e r   i s   s o m e t i m e s   b r o k e n   when  i t  

i s   wound  a r o u n d   a  p i p e   h a v i n g   a  d i a m e t e r   of   20  mm. 

The  l i g h t - t r a n s m i t t i n g   f i b e r   of  t he   p r e s e n t  

i n v e n t i o n   i s   e s p e c i a l l y   e x c e l l e n t   in  h e a t   r e s i s t a n c e   a n d  

d u r a b i l i t y   o v e r   c o n v e n t i o n a l   p l a s t i c   l i g h t - t r a n s m i t t i n g  

f i b e r s   i n c l u d i n g   p o l y ( m e t h y l   m e t h a c r y l a t e )   or   p o l y s t y r e n e  

as   t h e   c o r e   c o m p o n e n t .  

The  l i g h t - t r a n s m i t t i n g   f i b e r   o f   t h e   p r e s e n t   i n v e n -  

t i o n   i s   r e l a t i v e l y   c h e a p ,   has   a  good   h a n d l i n g   p r o p e r t y ,  

a n d   i s   w e l l   b a l a n c e d   in   v a r i o u s   c h a r a c t e r i s t i c s .  

A c c o r d i n g l y ,   t h e   l i g h t - t r a n s m i t t i n g   f i b e r   of  t h e  

p r e s e n t   i n v e n t i o n   can   be  u s e d   f o r   w i r i n g   in  an  e n g i n e  

c o m p a r t m e n t   of   an  a u t o m o b i l e   and  i s   v e r y   s i g n i f i c a n t   a n d  

v a l u a b l e   f rom  an  i n d u s t r i a l   v i e w p o i n t   as  a  m a t e r i a l   f o r  

c a r   e l e c t r o n i c s .  

The  c h a r a c t e r i s t i c   f e a t u r e s   and  e f f e c t s   of  t h e  

p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in   d e t a i l   w i t h  

r e f e r e n c e   to   t h e   f o l l o w i n g   e x a m p l e s ,   w h i c h   by  no  m e a n s  
l i m i t   t h e   s c o p e   of  t h e   p r e s e n t   i n v e n t i o n .  

The  l i g h t   t r a n s m i s s i o n   l o s s   was  d e t e r m i n e d   as  a  

p a r a m e t e r   i n d i c a t i n g   t h e   l i g h t - t r a n s m i t t i n g   c a p a c i t y .  
The  m e a s u r e m e n t   c o n d i t i o n s   w e r e   as  f o l l o w s .  

I n t e r f e r e n c e   f i l t e r   (main   w a v e l e n g t h ) :   650  µm 
T o t a l   l e n g t h   lo  o f   f i b e r :   5  m 

Cut  l e n g t h   i  o f   f i b e r :   4  m 

D i a m e t e r   D  of  b o b b i n :   190  mm 

The  l i g h t   t r a n s m i s s i o n   l o s s   of   t h e   l i g h t -  

t r a n s m i t t i n g   f i b e r   was  d e t e r m i n e d   by  means   of   a n  



a p p a r a t u s   1  shown  in  F i g .   1.  in  t h e   f o l l o w i n g   m a n n e r .  

R e f e r r i n g   to   F i g .   1,  t h i s   a p p a r a t u s   1  i n c l u d e s   a  

s t a b i l i z e d   e l e c t r i c   p o w e r   s o u r c e   2,  a  h a l o g e n   lamp  3 ,  

a  l e n s   4,  an  i n t e r f e r e n c e   f i l t e r   5,  a  l e n s   6,  a  

p h o t o d i o d e   7,  an  a m p l i f i e r   8,  and  a  v o l t m e t e r   9 , .  

a r r a n g e d   in  t h e   a b o v e - m e n t i o n e d   s e q u e n c e .   A  l i g h t -  

t r a n s m i t t i n g   f i b e r   10  h a v i n g   a  p r e d e t e r m i n e d   l e n g t h   w a s  

p l a c e d   b e t w e e n   t h e   l e n s   6  and  t h e   p h o t o d i o d e   7 .  

The  h a l o g e n   l amp  2  was  c o n n e c t e d   to   and  e x c i t e d   b y  

the   e l e c t r i c   p o w e r   s o u r c e   1.  The  l i g h t   e m i t t e d   f r o m  

the   h a l o g e n   lamp  2  was  c o n v e r t e d   to  p a r a l l e l   r a y s   b y  

the   l e n s   4  and  t h e n   c o n v e r t e d   to   m o n o c h r o m i c   l i g h t   b y  

the   i n t e r f e r e n c e   f i l t e r   5.  The  p a r a l l e l   r a y s   of  t h e  

m o n o c h r o n i c   l i g h t   w e r e   f o c u s e d   on  an  end  s u r f a c e   11  

of  i n c i d e n c e   of  t h e   o p t i c a l   f i b e r   10  by  means   of  t h e  

l e n s   6,  w h i c h   had   t h e   same  n u m e r i c a l   a p e r t u r e   as  t h a t   o f  

t h e   o p t i c a l   f i b e r   10,   so  as  to   t r a n s m i t   t h e   m o n o c h r o m i c  

l i g h t   t h r o u g h   t h e   o p t i c a l   f i b e r   10.  The  m o n o c h r o m i c  

l i g h t   was  a t t e n u a t e d   d u r i n g   t r a n s m i s s i o n   t h r o u g h   t h e  

o p t i c a l   f i b e r   10,  and  t h e n   t r a n s m i t t e d   t h r o u g h   a n  

o p p o s i t e   end  s u r f a c e   12  of  t h e   o p t i c a l   f i b e r   10.  T h e  

t r a n s m i t t e d   l i g h t   was  c o n v e r t e d   to   an  e l e c t r i c   c u r r e n t  

by  means   of  t h e   p h o t o d i o d e   7.  The  e l e c t r i c   c u r r e n t   w a s  

a m p l i f i e d   by  t h e   a m p l i f i e r   8.  The  v o l t m e t e r   9  m e a s u r e d  

t he   v o l t a g e   of  t h e   a m p l i f i e d   e l e c t r i c   c u r r e n t .   T h e  

f o r e g o i n g   o p e r a t i o n s   w e r e   c a r r i e d   o u t   in  t h e   d a r k .  

For  t h e   m e a s u r e m e n t   of  t he   l i g h t   t r a n s m i s s i o n   l o s s  

by  t he   a b o v e - m e n t i o n e d   a p p a r a t u s ,   0 . 0 1 5   km  of  t h e   o p t i c a l  

f i b e r   was  p r e p a r e d .   The  two  e n d s   of  t h e   o p t i c a l   f i b e r  

were   c u t   a t   r i g h t   a n g l e s   to   t he   l o n g i t u d i n a l   a x i s   of  t h e  

f i b e r   and  t h e   end  s u r f a c e s   were   p o l i s h e d   s m o o t h .   T h e  

o p t i c a l   f i b e r   was  i m m o v a b l y   f i x e d   b e t w e e n   t he   l e n s   6  a n d  

t he   p h o t o d i o d e   7.  The  v o l t a g e   m e a s u r i n g   o p e r a t i o n   w a s  

c o n d u c t e d   on  t h e   o p t i c a l   f i b e r   in  t he   d a r k   a c c o r d i n g   t o  

t he   a b o v e - m e n t i o n e d   m e t h o d .   N e x t ,   w h i l e   t he   l i g h t -  

i n c i d e n t   end  s u r f a c e   11  of  t h e   o p t i c a l   f i b e r   was  f i x e d  

as  t h e   f o c u s   of  t h e   m o n o c h r o m i c   l i g h t   e m i t t e d   t h r o u g h  



t h e   l e n s   6,  an  o p p o s i t e   s i d e   p o r t i o n   of   t h e   o r i g i n a l  

o p t i c a l   f i b e r ,   w h i c h   had  a  l e n g t h   of  0 . 0 0 5   km,  was  c u t  

o f f   f r o m   t h e   f i b e r .   The  r e s i d u a l   o p t i c a l   f i b e r   h a v i n g   a  

l e n g t h   c f   0 . 0 1   km  had  a  l i g h t - t r a n s m i t t i n g   end  s u r f a c e  

13  w h i c h   was  a t   r i g h t   a n g l e s   to   t h e   l o n g i t u d i n a l ,  x i s   o f  

t h e   o p t i c a l   f i b e r   and  was  p o l i s h e d   s m o o t h .  

The   same  v o l t a g e   m e a s u r i n g   o p e r a t i o n   as  t h a t  

d e s c r i b e d   above   was  c o n d u c t e d   on  t h e   r e s i d u a l   o p t i c a l  

f i b e r   i n   t h e   d a r k .  

The   l i g h t   t r a n s m i s s i o n   l o s s   of  t h e   o p t i c a l   f i b e r  

was  c a l c u l a t e d   a c c o r d i n g   t o   t h e   f o l l o w i n g   e q u a t i o n :  

w h e r e i n   a  r e p r e s e n t s   t h e   l i g h t   t r a n s m i s s i o n  

l o s s   in  dB/km  of  t h e   o p t i c a l   f i b e r ,   i  

r e p r e s e n t s   t h e   l e n g t h   in  km  of  t h e   c u t   p o r t i o n  

of  t h e   o p t i c a l   f i b e r ,   I1  r e p r e s e n t s   a  v o l t a g e  

m e a s u r e d   f o r   t h e   o r i g i n a l   l e n g t h   lo  of  t h e  

o p t i c a l   f i b e r ,   and   I2  r e p r e s e n t s   a  v o l t a g e  

m e a s u r e d   f o r   t h e   r e s i d u a l   o p t i c a l   f i b e r .  

The   v o l t a g e s   I 1  a n d   I2  c o r r e s p o n d   to   t h e   q u a n t i t i e s  

of  t h e   l i g h t   t r a n s m i t t e d   o u t   t h r o u g h   t h e   o r i g i n a l   o p t i c a l  

f i b e r   a n d   t h e   r e s i d u a l   o p t i c a l   f i b e r ,   r e s p e c t i v e l y .  

In   t h e   e x a m p l e s ,   t h e   i n t e r f e r e n c e   f i l t e r   e x h i b i t e d  

a  m a i n   w a v e l e n g t h   of  650  µm.  The  o p t i c a l   f i b e r   w a s  

wound  a r o u n d   a  b o b b i n   h a v i n g   a  d i a m e t e r   of   190  mm,  a n d  

t he   l i g h t - i n c i d e n t   end  s u r f a c e   and  t h e   l i g h t - o u t g o i n g  

end  s u r f a c e   of  t h e   o p t i c a l   f i b e r   we re   s p a c e d   a b o u t   1  m 
f rom  e a c h   o t h e r .  

In  t h e   e x a m p l e s ,   t h e   p r o p e r t i e s   of  t h e   p o l y m e r   w e r e  
d e t e r m i n e d   a c c o r d i n g   to   t h e   f o l l o w i n g   m e t h o d s .  

(1)  I n f r a r e d   a b s o r p t i o n   s p e c t r u m  
The  i n f r a r e d   a b s o r p t i o n   s p e c t r u m   was  d e t e r m i n e d  

a c c o r d i n g   to  t h e   KBr  d i s c   m e t h o d   u s i n g   an  i n f r a r e d  

s p e c t r o p h o t o m e t e r   (Model   285  s u p p l i e d   by  H i t a c h i ,   L t d ) .  

(2)  I n h e r e n t   v i s c o s i t y  

The  f l o w i n g   t i m e   ( t s )   of  a  0.5%  by  w e i g h t  



s o l u t i o n   of  a  s a m p l e   p o l y m e r   in  d i m e t h y l f o r m a m i d e  

and  t h e   f l o w i n g   t i m e   ( to)   of  d i m e t h y l f o r m a m i d e   w e r e  

m e a s u r e d   by  a  D e e r e a x - B i s c h o f f   v i s c o s i t y   m e t e r   a t   a  

t e m p e r a t u r e   of  25  +  0 . 1 ° C .   The  r e l a t i v e   v i s c o s i t y  

η r e l   was  c a l c u l a t e d   f rom  t h e   v a l u e   of  t s / t o ,   a n d .  t h e  

i n h e r e n t   v i s c o s i t y   was  c a l c u l a t e d   a c c o r d i n g   to  t h e  

f o l l o w i n g   e q u a t i o n :  

I n h e r e n t   v i s c o s i t y  =   (kn  n r e l ) / C  
w h e r e i n   C  s t a n d s   f o r   t h e   c o n c e n t r a t i o n  

( g / 1 0 0   mt)  of   t h e   p o l y m e r   in  t h e   s o l v e n t .  

(3)  Heat   d i s t o r t i o n   t e m p e r a t u r e  

The  h e a t   d i s t o r t i o n   t e m p e r a t u r e   was  m e a s u r e d  

a c c o r d i n g   to  t h e   m e t h o d   of  ASTM  D - 6 4 8 .  

(4)  M e l t   i n d e x  

The  m e l t   i n d e x   of  t h e   p o l y m e r   ( g / 1 0   m i n u t e s )  

was  m e a s u r e d   a t   230°C  u n d e r   a  l o a d   of   3 . 8   kg  a c c o r d i n g  

to   t h e   m e t h o d   of   ASTM  D - 1 2 3 8 .  

(5)  I m i d e   c o n t e n t  

The  i m i d e   c o n t e n t   (%)  of  t h e   p o l y m e r   w a s  

d e t e r m i n e d   f rom  t h e   n i t r o g e n   c o n t e n t   o b t a i n e d   a t  

e l e m e n t a r y   a n a l y s i s   (CHN  C o d e r   MT-3  s u p p l i e d   b y  

Y a n a g i m o t o   S e i s a k u s h o   K . K . )   and   f rom  t h e   r e s u l t s  

of  p r o t o n   n u c l e a r   m a g n e t i c   r e s o n a n c e   a n a l y s i s  

[ JNM-FM-100  (JEOL)  S p e c t r o m e t e r ,   100  M H z ] .  

(6)  T h e r m a l   s h r i n k a g e   f a c t o r  

A  s a m p l e   of  t h e   l i g h t - t r a n s m i t t i n g   f i b e r  

h a v i n g   a  l e n g t h   of  50  cm  was  h e a t e d   in  t h e   f r e e   l e n g t h  

s t a t e   in  a  h o t   a i r   f u r n a c e   a t   130°C  f o r   1  h o u r .   T h e  

p e r c e n t   s h r i n k a g e   a t   t h i s   h e a t   t r e a t m e n t   was  d e t e r m i n e d .  

E x a m p l e   1 

In  1 0 0 . p a r t s   by  w e i g h t   of   m e t h y l   m e t h a c r y l a t e  

we re   i n c o r p o r a t e d   and  d i s s o l v e d   0 . 7 5   p a r t   by  w e i g h t   o f  

t e r t - d o d e c y l m e r c a p t a n   and  0 .4   p a r t   by  w e i g h t   of  l a u r o y l  

p e r o x i d e .   A  t h e r m o c o u p l e   was  s e t   in  a  c e l l   d e f i n e d   b y  

two  r e i n f o r c i n g   g l a s s   p l a t e s   c o n f r o n t i n g   e a c h   o t h e r   a t   a  

s p a c e   of  3  mm  t h e r e b e t w e e n   t h r o u g h   a  p o l y v i n y l   c h l o r i d e  

g a s k e t .   The  monomer  s o l u t i o n   was  c a s t   i n t o   t h e   c e l l .  



The  c e l l   was  i m m e r s e d   in  warm  w a t e r   m a i n t a i n e d   a t   8 0 ° C  

to   e f f e c t   p o l y m e r i z a t i o n   and  c u r i n g .   When  30  m i n u t e s  

p a s s e d   a f t e r   t h e   i n n e r   t e m p e r a t u r e   a r r i v e d   a t   t h e   p e a k  

by  h e a t   g e n e r a t e d   by  p o l y m e r i z a t i o n   a d v a n c e d   a f t e r  

i m m e r s i o n   in  warm  w a t e r ,   t h e   c e l l   was  t a k e n   o u t   f rom  t h e  

warm  w a t e r   and   t h e   h e a t   t r e a t m e n t   was  c a r r i e d   o u t   in   a n  

a i r   h e a t i n g   f u r n a c e   a t   120°C  f o r   2  h o u r s .  

A f t e r   c o o l i n g ,   t h e   c e l l   was  d i s a s s e m b l e d .   T h e  

o b t a i n e d   r e s i n   p l a t e   h a v i n g   a  t h i c k n e s s   of  a b o u t   6  mm 

was  p u l v e r i z e d   in   a  c l e a n   box  to   o b t a i n   a  p o l y m e r   h a v i n g  

a  m e l t   i n d e x   of   1 3 . 0   (as   m e a s u r e d   a t   230°C  u n d e r   a  l o a d  

of  3 .8   k g ) ,   a  r e f r a c t i v e   i n d e x   n D  o f   1 . 4 9 2 0 ,   a  s p e c i f i c  

g r a v i t y   of  1 . 1 9 0 ,   and  a  h e a t   d i s t o r t i o n   t e m p e r a t u r e  
of  1 0 5 ° C .   T h e n ,   100  p a r t s   by  w e i g h t   of   t h i s   p o l y m e r ,  

26 .4   p a r t s   by  w e i g h t   of  1 , 3 - d i m e t h y l u r e a ,   5 .4   p a r t s   b y  

w e i g h t   of   w a t e r ,   and  0 . 0 1   p a r t   by  w e i g h t   of  A n t a g e   BHT 

( 2 , 6 - d i - t e r t - b u t y l - p - c r e s o l   s u p p l i e d   by  K a w a g u c h i   K a g a k u  

Kogyo  K . K . )   w e r e   c h a r g e d   in  a  3 - l i t e r   a u t o c l a v e .   T h e  

i n s i d e   a t m o s p h e r e   was  r e p e a t e d l y   r e p l a c e d   w i t h   n i t r o g e n ,  

and  t h e   h e a t i n g   r e a c t i o n   was  c a r r i e d   o u t   f o r   4  h o u r s   i n  

an  o i l   b a t h   m a i n t a i n e d   a t   230°C  to   o b t a i n   a  t r a n s p a r e n t  

r e s i n ,   p o l y - N - m e t h y l - m e t h a c r y l i m i d e .   A b s o r p t i o n s  

a t t r i b u t e d   to   N - m e t h y l m e t h a c r y l i m i d e   w e r e   o b s e r v e d  

a t   1 7 2 0 ,   1 6 6 3 ,   and   750  c m   in  t h e   i n f r a r e d   a b s o r p t i o n  

s p e c t r u m .   The  o b t a i n e d   p o l y m e r   was  c h a r a c t e r i z e d   by  a  

m e l t   i n d e x   of   3 . 5   (as   m e a s u r e d   a t   230°C  u n d e r   a  l o a d   o f  

3.8  k g ) ,   a  r e f r a c t i v e   i n d e x   of  1 . 5 3 6 ,   a  s p e c i f i c   g r a v i t y  

of  1 . 2 3 0   and  a  h e a t   d i s t o r t i o n   t e m p e r a t u r e   of  1 7 5 ° C .  

S e p a r a t e l y ,   a  s o l u t i o n   i n c l u d i n g   50  p a r t s   by  w e i g h t  

of  2 , 2 , 2 - t r i f l u o r o m e t h y l   m e t h a c r y l a t e ,   50  p a r t s   b y  

w e i g h t   of   m e t h y l   m e t h a c r y l a t e ,   and  0 . 3   p a r t   by  w e i g h t   o f  

n - o c t y l m e r c a p t a n   was  p r e p a r e d ,   and  0 . 0 2 5   p a r t   by  w e i g h t  

of  a z o b i s i s o b u t y r o n i t r i l e   was  i n c o r p o r a t e d   and   d i s s o l v e d  

in  t h e   s o l u t i o n .   The  m i x t u r e   was  c a s t   in  a  c e l l   d e f i n e d  

by  two  r e i n f o r c i n g   g l a s s   p l a t e s   c o n f r o n t i n g   e a c h   o t h e r  

a t   a  s p a c e   o f   5  mm  t h e r e b e t w e e n   t h r o u g h   a  p o l y v i n y l  

c h l o r i d e   g a s k e t .   The  c e l l   was  i m m e r s e d   in  warm  w a t e r  



m a i n t a i n e d   a t   70°C  to  e f f e c t   p o l y m e r i z a t i o n   and  c u r i n g .  

When  30  m i n u t e s   p a s s e d   a f t e r   t h e   i n n e r   t e m p e r a t u r e  

a r r i v e d   a t   t h e   peak   by  h e a t   g e n e r a t e d   by  p o l y m e r i z a t i o n ,  

t h e   c e l l   was  t a k e n   ou t   f rom  t h e   warm  w a t e r   and  the   h e a t  

t r e a t m e n t   was  c a r r i e d   o u t   in  an  a i r   h e a t i n g   f u r n a c e  

m a i n t a i n e d   a t   130°C.   A f t e r   c o o l i n g ,   t h e   c e l l   w a s  

d i s a s s e m b l e d .   The  o b t a i n e d   r e s i n   p l a t e   was  p u l v e r i z e d  

in  a  c l e a n   box  to  o b t a i n   a  s h e a t h   c o m p o n e n t   p o l y m e r  

h a v i n g   a  m e l t   i n d e x   of  5.0  (as  m e a s u r e d   a t   230°C  u n d e r   a  

l o a d   of  3 .8   k g ) ,   a  r e f r a c t i v e   i n d e x   nD  of  1 . 4 4 5 ,   and  a  

h e a t   d i s t o r t i o n   t e m p e r a t u r e   (HDT)  of   9 8 ° C .  

The  p o l y m e r s   of  t h e   c o r e   and  s h e a t h   c o m p o n e n t s   w e r e  

s u p p l i e d   to  a  v e n t   t y p e   c o m p o s i t e   s p i n n i n g   m a c h i n e  

p r o v i d e d   w i t h   a  c o r e - s h e a t h   d o u b l e   s t r u c t u r e   s p i n n e r e t .  

The  p o l y m e r s   were   spun   a t   a  s p i n n i n g   t e m p e r a t u r e   o f  

2 6 0 ° C ,   and  t h e   spun   f i b e r   was  t a k e n   up  a t   a  s p i n n i n g  

s p e e d   of  3  m/min   and  was  c o n t i n u o u s l y   d r a w n   a t   a  d r a w  

r a t i o   of  2 .0   a t   a  t e m p e r a t u r e   o f   1 8 0 ° C ,   f o l l o w e d   b y  

w i n d i n g .  

The  o b t a i n e d   f i b e r   was  a  l i g h t - t r a n s m i t t i n g   f i b e r  

h a v i n g   a  c o n c e n t r i c   s t r u c t u r e   in   w h i c h   t h e   d i a m e t e r   o f  

t h e   c o r e   c o m p o n e n t   was  980  µm,  t h e   t h i c k n e s s   of  t h e  

s h e a t h   c o m p o n e n t   was  10  µm,  and  t h e   w e i g h t   r a t i o   o f  

t h e   c o r e   c o m p o n e n t   to   t h e   s h e a t h   c o m p o n e n t   was  9 6 / 4 .  

The  l i g h t   t r a n s m i s s i o n   l o s s   of   t h e   l i g h t -  

t r a n s m i t t i n g   f i b e r   was  980  d B / k m .   The  f i b e r   c o u l d  

s u f f i c i e n t l y   t r a n s m i t   o p t i c a l   s i g n a l s   in  a  l e n g t h  

of  10  m.  When  t h i s   l i g h t - t r a n s m i t t i n g   f i b e r   w a s  

h e a t - t r e a t e d   a t   130°C  in  t h e   f r e e   l e n g t h   s t a t e   f o r  

1  h o u r s ,   t he   p e r c e n t   s h r i n k a g e   was  1%. 

By  u s i n g   a  c r o s s - h e a d   t y p e   c a b l e   f o r m i n g   m a c h i n e ,  

t h e   o b t a i n e d   l i g h t - t r a n s m i t t i n g   f i b e r   was  c o v e r e d   w i t h  

c a r b o n - b l a c k - i n c o r p o r a t e d   6-6  n y l o n   as  t he   j a c k e t  

p o l y m e r   by  u s i n g   an  a r o m a t i c   p o l y a m i d e   f i b e r   ( K e v l e r  ®  )  

as  t he   f i r s t   r e i n f o r c i n g   f i b e r   so  t h a t   t h e   o u t e r   d i a m e t e r  

was  1.6  mm.  The  f i b e r   was  f u r t h e r   c o v e r e d   w i t h   a  

c a r b o n - b l a c k - i n c o r p o r a t e d   p o l y e s t e r   e l a s t o m e r   as  t h e  



s e c o n d   j a c k e t   so  t h a t   t h e   o u t e r   d i a m e t e r   was  2 .2   mm, 

w h e r e b y   an  o p t i c a l   c a b l e   h a v i n g   a  l i g h t   t r a n s m i s s i o n  

l o s s   o f   980  dB/km  was  o b t a i n e d .  

A  s p e c i m e n   h a v i n g   a  l e n g t h   of  10  m  was  c u t   o u t   f r o m  

t h i s   o p t i c a l   f i b e r .   One  end  s u r f a c e   was  s e c u r e d   t o  

a  l i g h t   s o u r c e   (an  i n t e r f e r e n c e   f i l t e r   h a v i n g   a  m a i n  

w a v e l e n g t h   of  650  µm).  The  o t h e r   end  s u r f a c e   was  s e c u r e d  

and  c o n n e c t e d   to   a  p h o t o d i o d e .   An  i n t e r m e d i a t e   p o r t i o n ,  

h a v i n g   a  l e n g t h   of  5  m,  of  t h e   s p e c i m e n   was  e x p o s e d   t o  

an  a i r   h e a t i n g   f u r n a c e   a t   130°C .   The  t r a n s m i t t e d   l i g h t  

q u a n t i t y   was  t r a c e d ,   and  the   h e a t - r e s i s t a n t   d u r a b i l i t y  

of  t h e   o p t i c a l   c a b l e   was  e v a l u a t e d .  

As  t h e   r e s u l t ,   i t   was  f o u n d   t h a t   e v e n   a f t e r  

1000  h o u r s ,   t h e   l i g h t   q u a n t i t y   was  n o t   r e d u c e d   a t   a l l  

and  t h e   o p t i c a l   c a b l e   had  a  s t a b l e   h e a t - r e s i s t a n t  

d u r a b i l i t y .  

E x a m p l e   2 

A  c o r e   c o m p o n e n t   p o l y m e r   h a v i n g   a  m e l t   i n d e x   o f  

1 . 5 0   and   a  r e f r a c t i v e   i n d e x   of  1 . 5 3 0   was   p r e p a r e d   i n  

t h e   same   m a n n e r   as  d e s c r i b e d   in  E x a m p l e   1,  e x c e p t   t h a t  

A c r y p e t   VH  ( t h e   t r a d e n a m e   of  t h e   p r o d u c t   s u p p l i e d   b y  

M i t s u b i s h i   Rayon   K . K . )   ( i n h e r e n t   v i s c o s i t y   =  0 . 5 1   d £ / g  

as  d e t e r m i n e d   in  d i m e t h y l f o r m a m i d e   a t   25°C)   p r e p a r e d   b y  

c o n t i n u o u s   b u l k   p o l y m e r i z a t i o n   was  u s e d   as  p o l y ( m e t h y l  

m e t h a c r y l a t e )   i n s t e a d   of  t h e   p o l y m e r   o b t a i n e d   by  c a s t  

p o l y m e r i z a t i o n   in  E x a m p l e   1.  The  o b t a i n e d   c o r e   c o m p o n e n t  

p o l y m e r   was  s u b j e c t e d   to  c o m p o s i t e   s p i n n i n g   t o g e t h e r  

w i t h   t h e   same  s h e a t h   c o m p o n e n t   p o l y m e r   as  u s e d   i n  

E x a m p l e   1.  The  spun   f i b e r   was  d r a w n   a t   a  d r aw  r a t i o   o f  

2  t o   o b t a i n   a  l i g h t - t r a n s m i t t i n g   f i b e r .   The  o b t a i n e d  

f i b e r   had   a  l i g h t   t r a n s m i s s i o n   l o s s   o f   660  dB/km  a n d  

c o u l d   s u f f i c i e n t l y   t r a n s m i t   o p t i c a l   s i g n a l s   by  a  l e n g t h  

of  10  m .  

E x a m p l e   3 

An  o p t i c a l   c a b l e   was  p r e p a r e d   in   t h e   same  m a n n e r  

as  d e s c r i b e d   in   E x a m p l e   1  e x c e p t   t h a t   p o l y ( v i n y l i d e n e  

f l u o r i d e )   ( h a v i n g   a  r e f r a c t i v e   i n d e x   o f   1 . 4 3 )   was  u s e d  



as  t h e   s h e a t h   c o m p o n e n t   p o l y m e r .  

The  l i g h t   t r a n s m i s s i o n   l o s s   of  t he   o b t a i n e d   o p t i c a l  

c a b l e   was  1500  dB/km.   Even   when  the   o p t i c a l   f i b e r   w a s  

l e f t   in   a  h o t   a i r   h e a t i n g   f u r n a c e   m a i n t a i n e d   a t   1 6 0 ° C  

f o r   1000  h o u r s ,   t h e   r a t i o   of  r e d u c t i o n   of  t h e   l i g h t  

q u a n t i t y   was  v e r y   low  and   t h e   o p t i c a l   c a b l e   had  v e r y  

e x c e l l e n t   h e a t - r e s i s t a n t   d u r a b i l i t y .  

E x a m p l e   4 

The  c o r e   c o m p o n e n t   p o l y m e r   o b t a i n e d   in  E x a m p l e   1 

was  s p u n   a t   a  s p i n n i n g   t e m p e r a t u r e   of  240°C  in  a  v e n t  

t y p e   s p i n n i n g   m a c h i n e   and  t a k e n   ou t   a t   a  s p i n n i n g   s p e e d  

of  6  m / m i n   to  o b t a i n   a  f i b e r   c o m p o s e d   s o l e l y   of  t h e   c o r e  

c o m p o n e n t   ( h a v i n g   a  d i a m e t e r   of  750  um).  A  p r e c u r s o r  

c o m p o s i t i o n   f o r   p o l y d i m e t h y l s i l o x a n e   ( S h i n e t s u   S i l i c o n e  

KE106LTV)  was  u n i f o r m l y   c o a t e d   on  the   s u r f a c e   of  t h e  

c o r e   c o m p o n e n t   f i b e r .   The  c o a t e d   f i b e r   was  h e a t e d   a t  

150°C  f o r   10  m i n u t e s   to   f o r m   a  p o l y d i m e t h y l s i l o x a n e  

c o v e r i n g   ( h a v i n g   a  r e f r a c t i v e   i n d e x   of  1 . 4 2   and  a  

t h i c k n e s s   of  300  p m ) .  

The  l i g h t   t r a n s m i s s i o n   l o s s   of  t h i s   o p t i c a l   f i b e r  

was  890  dB /km.   When  t h e   o p t i c a l   f i b e r   was  e x p o s e d   t o  

a  t e m p e r a t u r e   of  160°C  f o r   1000  h o u r s ,   t h e   r a t i o   o f  

r e d u c t i o n   of  t h e   l i g h t   q u a n t i t y   was  2%  and  t h e   o p t i c a l  

f i b e r   had   v e r y   e x c e l l e n t   h e a t - r e s i s t a n t   d u r a b i l i t y .  

E x a m p l e   5 

P o l y ( m e t h y l   m e t h a c r y l a t e )   o b t a i n e d   by  c a s t  

p o l y m e r i z a t i o n   in  t h e   same  m a n n e r   as  d e s c r i b e d   i n  

E x a m p l e   1  was  u s e d .   The  i m i d i z i n g   r e a c t i o n   was  c a r r i e d  

ou t   in  t h e   same  m a n n e r   as  d e s c r i b e d   in  E x a m p l e   1,  e x c e p t  

t h a t   19  p a r t s   by  w e i g h t   of   u r e a   and  5 .7  p a r t s   by  w e i g h t  

of  w a t e r   w e r e   u s e d   i n s t e a d   of  t h e   1 , 3 - d i m e t h y l u r e a   a n d  

w a t e r   u s e d   in  E x a m p l e   1.  A  t r a n s p a r e n t   p e l l e t i z e d  

p o l y m e r   was  o b t a i n e d   as  t h e   c o r e   c o m p o n e n t   p o l y m e r .  
The  o b t a i n e d   p o l y m e r   was  c h a r a c t e r i z e d   by  a  m e l t  

i n d e x   o f   4 . 0   (as  m e a s u r e d   a t   230°C  u n d e r   a  l o a d   o f  

3.8'  k g ) ,   a  r e f r a c t i v e   i n d e x   of  1 . 5 3 6 ,   a  d e n s i t y   o f  

1 . 2 3 7 ,   and   a  h e a t   d i s t o r t i o n   t e m p e r a t u r e   of   1 7 0 ° C .  



The  i m i d i z a t i o n   r a t i o   was  27%  as  d e t e r m i n e d   f r o m  

t h e   i n f r a r e d   a b s o r p t i o n   s p e c t r u m .  

The  same  2 , 2 , 2 - t r i f l u o r o e t h y l   m e t h a c r y l a t e /  

m e t h a c r y l i c   a c i d   c o p o l y m e r   as  u s e d   in   E x a m p l e   1  w a s  

u s e d   as  t h e   s h e a t h   c o m p o n e n t .  

The  p o l y m e r s   of   t h e   c o r e   and   s h e a t h   c o m p o n e n t s  

w e r e   s u p p l i e d   to   a  v e n t   t y p e   c o m p o s i t e   s p i n n i n g   m a c h i n e  

p r o v i d e d   w i t h   a  c o r e - s h e a t h   t w o - l a y e r   s t r u c t u r e   s p i n n e r e t  

a n d   s p u n   a t   a  s p i n n i n g   t e m p e r a t u r e   o f   2 6 0 ° C .   The  s p u n  
f i b e r   was  t a k e n   up  a t   a  s p i n n i n g   s p e e d   o f   3  m / m i n   a n d  

t h e n   d r a w n   a t   a  d r a w   r a t i o   of   2 . 0   a t   2 0 0 ° C ,   f o l l o w e d   b y  

w i n d i n g .  

The  o b t a i n e d   f i b e r   was  a  l i g h t - t r a n s m i t t i n g   f i b e r  

h a v i n g   a  c o n c e n t r i c   s t r u c t u r e   in  w h i c h   t h e   d i a m e t e r   o f  

t h e   c o r e   c o m p o n e n t   was  980  µm,  t h e   t h i c k n e s s   of   t h e  

s h e a t h   c o m p o n e n t   was  10  µm,  and   t h e   w e i g h t   r a t i o   of  t h e  

c o r e   c o m p o n e n t   to   t h e   s h e a t h   c o m p o n e n t   was  9 6 / 4 .   When 

t h e   f i b e r   was  h e a t e d   a t   130°C  f o r   1  h o u r ,   t h e   t h e r m a l  

s h r i n k a g e   f a c t o r   was  1%. 

The  l i g h t   t r a n s m i s s i o n   l o s s   o f   t h i s   l i g h t -  

t r a n s m i t t i n g   f i b e r   was  890  d B / k m .   The  f i b e r   c o u l d  

s u f f i c i e n t l y   t r a n s m i t   o p t i c a l   s i g n a l s   in   a  l e n g t h   o f  

10  m.  

By  u s i n g   a  c r o s s - h e a d   t y p e   c a b l e   f o r m i n g   m a c h i n e ,  

t h e   l i g h t - t r a n s m i t t i n g   f i b e r   was  c o v e r e d   w i t h   c a r b o n -  

b l a c k - i n c o r p o r a t e d   p o l y e t h y l e n e   as  t h e   j a c k e t   p o l y m e r   b y  

u s i n g   an  a r o m a t i c   p o l y a m i d e   f i b e r   ( K e v l a r ® )   as  t h e  

f i r s t   r e i n f o r c i n g   f i b e r   so  t h a t   t h e   o u t e r   d i a m e t e r   w a s  

1 . 6   mm.  The  f i b e r   was  f u r t h e r   c o v e r e d   w i t h   a  c a r b o n -  

b l a c k - i n c o r p o r a t e d   p o l y e s t e r   e l a s t o m e r   as  t h e   s e c o n d  

j a c k e t   so  t h a t   t h e   o u t e r   d i a m e t e r   was   2 . 2   mm,  w h e r e b y  

an  o p t i c a l   c a b l e   h a v i n g   a  l i g h t   t r a n s m i s s i o n   l o s s   o f  

1050  dB/km  was  o b t a i n e d .  

A  s p e c i m e n   h a v i n g   a  l e n g t h   of   10  m  was  t a k e n   o u t  

f r o m   t h e   o p t i c a l   c a b l e .   One  end  s u r f a c e   was  s e c u r e d  

to   a  l i g h t   s o u r c e   (an  i n t e r f e r e n c e   f i l t e r   h a v i n g   a  
m a i n   w a v e l e n g t h   of   650  µm  was   u s e d ) .   The  o u t e r   e n d  



s u r f a c e   was  c o n n e c t e d   and  s e c u r e d   to  a  p h o t o d i o d e .  

An  i n t e r m e d i a t e   p o r t i o n ,   h a v i n g   a  l e n g t h   of   5  mm,  of  t h e  

s p e c i m e n   was  l e f t   in  an  a i r   h e a t i n g   f u r n a c e   a t   130°C  f o r  

1000  h o u r s ,   and  the   q u a n t i t y   of  t he   t r a n s m i t t e d   l i g h t  

was  t r a c e d   to   e v a l u a t e   t h e   h e a t - r e s i s t a n t   d u r a b i l i t y   o f  

t h e   o p t i c a l   c a b l e .  

As  t h e   r e s u l t ,   i t   was  f o u n d   t h a t   e v e n   a f t e r  

1000  h o u r s ,   r e d u c t i o n   of  t he   l i g h t   q u a n t i t y   was  n o t  

c a u s e d   and  t h e   o p t i c a l   c a b l e   had  good  h e a t - r e s i s t a n t  

d u r a b i l i t y .  

E x a m p l e   6 

An  o p t i c a l   c a b l e   was  p r e p a r e d   in  t h e   same  m a n n e r  

as  d e s c r i b e d   in  E x a m p l e   5,  e x c e p t   t h a t   p o l y ( v i n y l i d e n e  

f l u o r i d e )   ( h a v i n g   a  r e f r a c t i v e   i n d e x   of   1 . 4 3 )   was  u s e d  

as  t h e   s h e a t h   c o m p o n e n t   p o l y m e r .  

The  l i g h t   t r a n s m i s s i o n   l o s s   of  t h e   o p t i c a l   f i b e r  

was  1530  dB/km.   When  t h e   o p t i c a l   c a b l e   was  e x p o s e d   t o  

an  a i r   h e a t i n g   f u r n a c e   a t   160°C  f o r   1000  h o u r s ,   r e d u c t i o n  

of  t h e   l i g h t   q u a n t i t y   was  4%.  The  o p t i c a l   f i b e r   h a d  

v e r y   e x c e l l e n t   h e a t - r e s i s t a n t   d u r a b i l i t y .  

E x a m p l e   7 

The  c o r e   c o m p o n e n t   t y p e   p o l y m e r   o b t a i n e d   i n  

E x a m p l e   5  was  spun  a t   a  s p i n n i n g   s p e e d   of   240°C  in  a  

v e n t   t y p e   s p i n n i n g   m a c h i n e   and  t a k e n   up  a t   a  s p i n n i n g  

s p e e d   of   6  m/min   to  o b t a i n   a  f i b e r   c o m p o s e d   s o l e l y   o f  

t h e   c o r e   c o m p o n e n t   ( h a v i n g   a  d i a m e t e r   of   750  p m ) .  

A  p r e c u r s o r   c o m p o s i t i o n   f o r   p o l y d i m e t h y l s i l o x a n e  

( S h i n e t s u   S i l i c o n e   KEI06LTU)  was  u n i f o r m l y   c o a t e d   o n  

t he   s u r f a c e   of  t h e   c o r e   c o m p o n e n t   f i b e r   and  t h e   c o a t e d  

f i b e r   was  h e a t e d   a t   150°C  f o r   10  m i n u t e s   to   o b t a i n   a  

p o l y d i m e t h y l s i l o x a n e   ( h a v i n g   a  r e f r a c t i v e   i n d e x   of  1 . 4 2  

and  a  t h i c k n e s s   of  300  µm) .  

The  l i g h t   t r a n s m i s s i o n   l o s s   of  t h i s   o p t i c a l   f i b e r  

was  920  dB/km.   The  r a t i o   of  r e d u c t i o n   of   t h e   l i g h t  

q u a n t i t y   by  1000  h o u r s '   e x p o s u r e   a t   150°C   was  2%.  I t  

was  c o n f i r m e d   t h a t   t h e   o p t i c a l   f i b e r   had   v e r y   e x c e l l e n t  

h e a t - r e s i s t a n t   d u r a b i l i t y .  



E x a m p l e   8 

A  3 - l i t e r   a u t o c l a v e   was  c h a r g e d   w i t h   100  p a r t s  

by  w e i g h t   of  t h e   same  p o l y ( m e t h y l   m e t h a c r y l a t e )   a s  

p r e p a r e d   in  E x a m p l e   1  and  62  p a r t s   by  w e i g h t   of  a  

m e t h a n o l   s o l u t i o n   of   m e t h y l a m i n e   (40%) .   The  i n s i d e  

a t m o s p h e r e   was  r e p e a t e d l y   r e p l a c e d   w i t h   n i t r o g e n .   T h e  

r e a c t i o n   was  c a r r i e d   o u t   f o r   3  h o u r s   in  an  o i l   b a t h  

m a i n t a i n e d   a t   230°C  to  o b t a i n   a  t r a n s p a r e n t   r e s i n ,   t h a t  

i s ,   an  N - m e t h y l m e t h a c r y l i m i d e / m e t h y l   m e t h a c r y l a t e  

c o p c l y m e r .  

In  t h e   n u c l e a r   m a g n e t i c   r e s o n a n c e   a n a l y s i s ,  

a b s o r p t i o n s   a t t r i b u t e d   to   t h e   m e t h a c r y l i m i d e   w e r e  

o b s e r v e d .   The  i m i d i z a t i o n   r a t i o   was  60%.  

The  o b t a i n e d   p o l y m e r   was  c h a r a c t e r i z e d   by  a  m e l t  

i n d e x   of  5 .7   (as  m e a s u r e d   a t   230°C  u n d e r   a  l o a d   o f  

3 .8   k g ) ,   a  r e f r a c t i v e   i n d e x   of  1 . 5 3 0 ,   a  s p e c i f i c   g r a v i t y  

of   1 . 2 0 ,   and  a  h e a t   d i s t o r t i o n   t e m p e r a t u r e   of  1 3 7 ° C .  

In  a  v e n t   t y p e   s p i n n i n g   m a c h i n e ,   t h i s   c o r e   c o m p o n e n t  

p o l y m e r   was  spun   a t   a  s p i n n i n g   t e m p e r a t u r e   of  240°C  a n d  

t a k e n   up  a t   a  s p i n n i n g   s p e e d   of  6  m / m i n   to   o b t a i n   a  

f i b e r   c o m p o s e d   s o l e l y   of  t h e   c o r e   c o m p o n e n t   ( h a v i n g  

a  d i a m e t e r   of  750  pm).   A  p r e c u r s o r   c o m p o s i t i o n   f o r  

p o l y d i m e t h y l s i l o x a n e   (KE106LTV  s u p p l i e d   by  S h i n e t s u  

S i l i c o n e   K .K . )   was  u n i f o r m l y   c o a t e d   on  t he   s u r f a c e   o f  

t h e   c o r e   c o m p o n e n t   f i b e r .   The  c o a t e d   f i b e r   was  h e a t e d  

a t   150°C  f o r   10  m i n u t e s   to   f o rm  a  p o l y d i m e t h y l s i l o x a n e  

c o v e r i n g   ( h a v i n g   a  r e f r a c t i v e   i n d e x   of  1 . 4 2   and  t h i c k n e s s  

of  300  µ m ) .  

The  l i g h t   t r a n s m i s s i o n   l o s s   of   t h i s   o p t i c a l   f i b e r  

was  820  dB/km.   When  t h e   o p t i c a l   f i b e r   was  e x p o s e d   a t  

13CoC  f o r   1000  h o u r s ,   t h e   r a t i o   of  r e d u c t i o n   of   t h e  

l i g h t   q u a n t i t y   was  1%.  T h u s ,   i t   was  c o n f i r m e d   t h a t  

t h e   o p t i c a l   f i b e r   had   v e r y   e x c e l l e n t   h e a t - r e s i s t a n t  

d u r a b i l i t y .   When  t h e   o p t i c a l   f i b e r   was  h e a t - t r e a t e d   a t  
130°C  f o r   1  h o u r ,   t h e   t h e r m a l   s h r i n k a g e   f a c t o r   was  2%. 

E x a m p l e   9 

A  s o l u t i o n   c o m p r i s i n g   90  p a r t s   by  w e i g h t   of   m e t h y l  



m e t h a c r y l a t e ,   10  p a r t s   by  w e i g h t   of  m e t h a c r y l i c   a c i d ,  

0 . 7 5   p a r t   by  w e i g h t   of  t e r t - d o d e c y l m e r c a p t a n ,   a n d  

0 . 4   p a r t   by  w e i g h t   of  l a u r o y l   p e r o x i d e   was  p r e p a r e d .  

A  m e t h y l   m e t h a c r y l a t e / m e t h a c r y l i c   a c i d   c o p o l y m e r  

was   f o r m e d   f rom  t h i s   s o l u t i o n   in  t h e   same  m a n n e r . a s  

d e s c r i b e d   in  E x a m p l e   8 .  

A c c o r d i n g   to  t h e   same  i m i d i z a t i o n   p r o c e s s  

as  d e s c r i b e d   in  E x a m p l e   8,  t h e r e   was  o b t a i n e d   a n  

N - m e t h y l m e t h a c r y l i m i d e / m e t h y l   m e t h a c r y l a t e   c o p o l y m e r .  

The  o b t a i n e d   p o l y m e r   was  c h a r a c t e r i z e d   by  a  m e l t  

i n d e x   of  7 .5   (as  m e a s u r e d   a t   230°C  u n d e r   a  l o a d   o f  

3 . 8   k g ) ,   a  r e f r a c t i v e   i n d e x   of  1 . 5 2 9 ,   a  s p e c i f i c   g r a v i t y  

of   1 . 2 0 ,   and  a  h e a t   d i s t o r t i o n   t e m p e r a t u r e   of  1 3 5 ° C .  

In  t h e   same  m a n n e r   as  d e s c r i b e d   in   E x a m p l e   8,  a  

f i b e r   c o m p o s e d   s o l e l y   of  t h e   c o r e   c o m p o n e n t   was  p r e p a r e d  

and   was  c o v e r e d   w i t h   t h e   s h e a t h   c o m p o n e n t .  

The  l i g h t   t r a n s m i s s i o n   l o s s   of   t h e   o b t a i n e d   o p t i c a l  

f i b e r   was  950  dB/km,   and  t h e   r a t i o   of   r e d u c t i o n   of  t h e  

l i g h t   q u a n t i t y   a f t e r   1000  h o u r s '   e x p o s u r e   a t   130°C  w a s  

1 . 5 % .   T h u s ,   i t   was  c o n f i r m e d   t h a t   t h e   o p t i c a l   f i b e r   h a d  

v e r y   e x c e l l e n t   h e a t - r e s i s t a n t   d u r a b i l i t y .  

E x a m p l e   10 

A  3 - l i t e r   a u t o c l a v e   was  c h a r g e d   w i t h   100  p a r t s   b y  

w e i g h t   of  t h e   same  p o l y ( m e t h y l   m e t h a c r y l a t e )   as  p r e p a r e d  

in   E x a m p l e   1  and  15  p a r t s   by  w e i g h t   of   d ry   ammonia   g a s .  

The  i n s i d e   a t m o s p h e r e   was  r e p e a t e d l y   r e p l a c e d   w i t h  

n i t r o g e n .   The  r e a c t i o n   was  c a r r i e d   o u t   f o r   3  h o u r s   i n  

an  o i l   b a t h   m a i n t a i n e d   a t   230°C  to  o b t a i n   a  t r a n s p a r e n t  

r e s i n ,   t h a t   i s ,   a  m e t h a c r y l i m i d e / m e t h y l   m e t h a c r y l a t e  

c o p o l y m e r .  

In  t h e   n u c l e a r   m a g n e t i c   r e s o n a n c e   a n a l y s i s ,  

a b s o r p t i o n s   a t t r i b u t e d   to  m e t h a c r y l i m i d e   w e r e   o b s e r v e d .  

The  i m i d i z a t i o n   r a t i o   was  23%. 

The  o b t a i n e d   p o l y m e r   was  c h a r a c t e r i z e d   by  a  m e l t  

i n d e x   of  6 .2   (as  m e a s u r e d   a t   230°C  u n d e r   a  l o a d   o f  

3 . 8   k g ) ,   a  r e f r a c t i v e   i n d e x   of  1 . 5 0 7 ,   a  s p e c i f i c   g r a v i t y  

o f   1 . 2 1 9 ,   and  a  h e a t   d i s t o r t i o n   t e m p e r a t u r e   of  1 4 2 ° C .  



In  a  v e n t   t y p e   s p i n n i n g   m a c h i n e ,   t h i s   c o r e   c o m p o n e n t  

p o l y m e r   was  s p u n   a t   a  s p i n n i n g   t e m p e r a t u r e   of  240°C  a n d  

t a k e n   up  a t   a  s p i n n i n g   s p e e d   of   6  m/min   to  o b t a i n   a  

f i b e r   c o m p o s e d   s o l e l y   of   t h e   c o r e   c o m p o n e n t   ( h a v i n g  

a  d i a m e t e r   of   750  µm) .  A  p r e c u r s o r   c o m p o s i t i o n   f o r  

p o l y d i m e t h y l s i l o x a n e   (KE106LTU  s u p p l i e d   by  S h i n e t s u  

S i l i c o n e   K . K . )   was  u n i f o r m l y   c o a t e d   on  t h e   s u r f a c e   o f  

the   c o r e   c o m p o n e n t   f i b e r ,   and  t h e   c o a t e d   f i b e r   w a s  

h e a t e d   a t   150°C   f o r   10  m i n u t e s   to   form  a  p o l y d i m e t h y l -  

s i l o x a n e   c o v e r i n g   ( h a v i n g   a  r e f r a c t i v e   i n d e x   of  1 . 4 2   a n d  

a  t h i c k n e s s   of  300  µm) . 

The  l i g h t   t r a n s m i s s i o n   l o s s   of  t h i s   o p t i c a l   f i b e r  

was  E50  d B / k m ,   and  t h e   r a t i o   of   r e d u c t i o n   of  t h e   l i g h t  

q u a n t i t y   a f t e r   1000  h o u r s '   e x p o s u r e   a t   130°C  was  1%. 

I t   was  t h u s   c o n f i r m e d   t h a t   t h e   o p t i c a l   f i b e r   had  v e r y  
e x c e l l e n t   h e a t - r e s i s t a n t   d u r a b i l i t y .  

E x a m p l e   1 1  

A  s o l u t i o n   c o m p r i s i n g   80  p a r t s   by  w e i g h t   of   m e t h y l  

m e t h a c r y l a t e ,   10  p a r t s   by  w e i g h t   of   m e t h a c r y l i c   a c i d ,  

10  p a r t s   by  w e i g h t   of  t e r t - b u t y l   m e t h a c r y l a t e ,   0 . 7 5   p a r t s  

by  w e i g h t   o f   t e r t - d o d e c y l m e r c a p t a n ,   and  0 .4   p a r t   b y  

w e i g h t   of   l a u r o y l   p e r o x i d e   was  p r e p a r e d .   A c c o r d i n g   t o  

the   same  m e t h o d   as  d e s c r i b e d   in   E x a m p l e   8,  a  m e t h y l  

m e t h a c r y l a t e / m e t h a c r y l i c   a c i d / t e r t - b u t y l   m e t h a c r y l a t e  

c o p o l y m e r   was  f o r m e d   f r o m   t h e   s o l u t i o n .  

By  c a r r y i n g   ou t   t h e   i m i d i z a t i o n   in  t h e   same  m a n n e r  

as  d e s c r i b e d   in  E x a m p l e   8,  a  m e t h a c r y l i m i d e / m e t h y l  

m e t h a c r y l a t e   c o p o l y m e r   was  p r e p a r e d .  

The  o b t a i n e d   p o l y m e r   was  c h a r a c t e r i z e d   by  a  m e l t  

i n d e x   of  7 . 0   (as   m e a s u r e d   a t   230°C  u n d e r   a  l o a d   o f  

3.8  k g ) ,   a  r e f r a c t i v e   i n d e x   of  1 . 5 3 0 ,   a  s p e c i f i c   g r a v i t y  
of  1 . 2 3 5 ,   and  a  h e a t   d i s t o r t i o n   t e m p e r a t u r e   of   1 6 0 ° C .  

The  r a t i o   of  t h e   i m i d i z a t i o n   r a t i o   d e t e r m i n e d   f r o m  

the   n u c l e a r   m a g n e t i c   r e s o n a n c e   a n a l y s i s   was  47%.  

In  t h e   same  m a n n e r   as  d e s c r i b e d   in  E x a m p l e   10,   a  
f i b e r   c o m p o s e d   s o l e l y   of   t h e   c o r e   c o m p o n e n t   was  p r e p a r e d  
and  c o v e r e d   w i t h   t h e   s h e a t h   c o m p o n e n t .  



The  l i g h t   t r a n s m i s s i o n   l o s s   of  t h i s   o p t i c a l   f i b e r  

was  970  d B / k m ,   and  t h e   r a t i o   of   r e d u c t i o n   of  t h e   l i g h t  

q u a n t i t y   a f t e r   1000  h o u r s '   e x p o s u r e   a t   150°C  was  1 . 0 % .  

I t   was  t h u s   c o n f i r m e d   t h a t   t h e   o p t i c a l   f i b e r   had   v e r y  
e x c e l l e n t   h e a t - r e s i s t a n t   d u r a b i l i t y .  

C o m p a r a t i v e   E x a m p l e   1 

The  same  p o l y ( m e t h y l   m e t h a c r y l a t e )   as  o b t a i n e d  

in   E x a m p l e   1  was  u s e d   as  i t   w a s ,   and  t h e   same  s h e a t h  

c o m p o n e n t   p o l y m e r   as  p r e p a r e d   in   E x a m p l e   1  was  u s e d .  

Bo th   t h e   p o l y m e r s   were   s u p p l i e d   to   a  v e n t   t y p e   c o m p o s i t e  

s p i n n i n g   m a c h i n e ,   spun  a t   a  s p i n n i n g   t e m p e r a t u r e   o f  

2 4 0 ° C ,   t a k e n   up  a t   a  s p i n n i n g   s p e e d   of  3  m / m i n ,   a n d  

s u b s e q u e n t l y   d rawn  at   a  d raw  r a t i o   of  2 .0   a t   1 4 0 ° C ,  

f o l l o w e d   by  w i n d i n g .  

The  o b t a i n e d   f i b e r   had  a  c o r e   c o m p o n e n t   d i a m e t e r  

of   980  µm  and  a  s h e a t h   c o m p o n e n t   t h i c k n e s s   of  10  µm. 
The  l i g h t   t r a n s m i s s i o n   l o s s   of   t h i s   l i g h t -  

t r a n s m i t t i n g   f i b e r   was  170  d B / k m ,   and  t h e   t h e r m a l  

s h r i n k a g e   f a c t o r   was  49%.  

The  j a c k e t - c o v e r i n g   t r e a t m e n t   was  c a r r i e d   o u t   i n  

t h e   same  m a n n e r   as  d e s c r i b e d   in   E x a m p l e   1.  When  t h e  

o b t a i n e d   c a b l e   was  e x p o s e d   a t   120°C   f o r   1000  h o u r s ,  

r e d u c t i o n   of  t h e   l i g h t   q u a n t i t y   was  e x t r e m e   and  t h e  

r a t i o   of  r e d u c t i o n   of  t he   l i g h t   q u a n t i t y   was  1 0 0 % .  

I t   was  i m p o s s i b l e   to  t r a n s m i t   l i g h t   t h r o u g h   t h i s   c a b l e .  



1.  A  l i g h t - t r a n s m i t t i n g   f i b e r   c o m p r i s i n g   a  c o r e  

c o m p o n e n t   and  a  s h e a t h   c o m p o n e n t   c o v e r i n g   t h e   c o r e  

c o m p o n e n t ,   t h e   c o r e   c o m p o n e n t   c o n s i s t i n g   e s s e n t i a l l y  

of  a  p o l y m e r   c o m p r i s i n g   2%  to   100%  by  w e i g h t   of   r i n g  

s t r u c t u r e   u n i t s   r e p r e s e n t e d   by  t h e   f o l l o w i n g   g e n e r a l  

f o r m u l a   ( I ) :  

w h e r e i n   R  s t a n d s   f o r   a  h y d r o g e n   a tom  o r  

an  a l i p h a t i c ,   a l i c y c l i c ,   or  a r o m a t i c  

h y d r o c a r b o n   g r o u p   h a v i n g   1  to   20  c a r b o n  

a t o m s ,  

and   0%  to  98%  by  w e i g h t   of  m o n o m e r   u n i t s   c o m p o s e d   m a i n l y  

of   m e t h y l   m e t h a c r y l a t e ,   and  t h e   s h e a t h   c o m p o n e n t   b e i n g  

c o m p o s e d   of  a  p o l y m e r   h a v i n g   a  r e f r a c t i v e   i n d e x   s m a l l e r  

by  a t   l e a s t   1%  t h a n   t h a t   of  t h e   p o l y m e r   of  t h e   c o r e  

c o m p o n e n t .  

2.  A  l i g h t - t r a n s m i t t i n g   f i b e r   as  s e t   f o r t h   i n  

c l a i m   1,  w h e r e i n   t h e   c o r e   c o m p o n e n t   c o n t a i n s   a t   l e a s t  

10%  by  w e i g h t   of  t h e   r i n g   s t r u c t u r e   u n i t s .  

3.  A  l i g h t - t r a n s m i t t i n g   f i b e r   as  s e t   f o r t h   i n  

c l a i m   1,  w h e r e i n   t h e   p o l y m e r   o f   t h e   c o r e   c o m p o n e n t   i s  

d r a w n   by  a t   l e a s t   10%  a f t e r   s p i n n i n g .  

4.  A  l i g h t - t r a n s m i t t i n g   f i b e r   as  s e t   f o r t h   i n  

c l a i m   1,  w h e r e i n   t he   h e a t   d i s t o r t i o n   t e m p e r a t u r e   of  t h e  

p o l y m e r   of  t h e   c o r e   c o m p o n e n t   i s   a t   l e a s t   1 1 0 ° C .  

5.  A  l i g h t - t r a n s m i t t i n g   f i b e r   as  s e t   f o r t h   i n  

c l a i m   1,  w h e r e i n   t h e   t h e r m a l   s h r i n k a g e   f a c t o r   a f t e r  

1  h o u r ' s   h e a t   t r e a t m e n t   a t   130°C  is   s m a l l e r   t h a n   5%. 

6.  A  l i g h t - t r a n s m i t t i n g   f i b e r   as  s e t   f o r t h   i n  

c l a i m   1,  w h e r e i n   R  in   t h e   g e n e r a l   f o r m u l a   (I)  i s   a  

h y d r o g e n   a t o m   or  an  a l i p h a t i c   h y d r o c a r b o n   g r o u p   h a v i n g   1 



to   4  c a r b o n   a t o m s .  

7.  A  l i g h t - t r a n s m i t t i n g   f i b e r   as  s e t   f o r t h   i n  

c l a i m   6,  w h e r e i n   t he   a l i p h a t i c   h y d r o c a r b o n   g r o u p   i s  

s e l e c t e d   f rom  m e t h y l ,   e t h y l ,   p r o p y l ,   i s o p r o p y l ,   b u t y l ,  

i s o b u t y l ,   and  t e r t - b u t y l .  

8.  A  l i g h t - t r a n s m i t t i n g   f i b e r   as  s e t   f o r t h   i n  

c l a i m   1,  w h e r e i n   R  in  the   g e n e r a l   f o r m u l a   (I)  i s   a n  

a r o m a t i c   h y d r o c a r b o n   g roup   h a v i n g   6  to   10  c a r b o n   a t o m s .  

9.  A  l i g h t - t r a n s m i t t i n g   f i b e r   as  s e t   f o r t h   i n  

c l a i m   8,  w h e r e i n   t he   a r o m a t i c   h y d r o c a r b o n   g r o u p   i s  

s e l e c t e d   f rom  p h e n y l   and  s u b s t i t u t e d   p h e n y l .  
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